Frankincense, a gum resin secreted from barks of Boswellia species, is reputed in Arabian folk medicine to improve the memory. In this study, the acetylcholinesterase inhibitory effect of extracts of frankincense and their constituents were investigated. The ethyl acetate soluble fraction from methanol extracts showed the greatest inhibition of acetylcholinesterase. Bioassay-guided fractionation was carried out to isolate several boswellic acids, and their structures were determined spectroscopically. The boswellic acids showing the most inhibitory activity on acetylcholinesterase were 11α-hydroxy-βboswellic acid (1) and 11-keto-β-boswellic acid (5), whilst others isolated i.e. 3α-acetyl-11-keto-β-boswellic acid (2), 3α-acetyl-11α-hydroxy-β-boswellic acid (3), 11α-methoxy-β-boswellic acid (4), β-boswellic acid (6) and α-boswellic acid (7) were inactive. Acetylcholinesterase inhibitory activity appears to be associated with the presence of either the free hydroxyl group or keto group at C-11 and of the free hydroxyl group at C-3 in the ursane skeleton.
The oleo gum resin frankincense, also called olibanum, is a product known for thousands of years in the Middle East and parts of Africa. It is obtained from several species of Boswellia (Burseraceae), which grow in Oman, and has several uses in traditional Arabian medicine, including a reputation of improving memory [6] . It was, therefore, thought to be of interest to investigate frankincense for the possibility of AChE inhibitory compounds using the modified Ellman reaction to monitor extracts and fractions [7] .
The results for the AChE inhibition of the total methanol (MeOH) extract and the fractions obtained by solvent partition show that the major activity resides in the ethyl acetate (EtOAc) fraction (Table 1) . This fraction was, therefore, selected for isolation of its contained compounds in order to find those responsible for the effects. The activity of the fractions obtained from a silica gel CC separation showed that fractions 5-7 were the most active (Table 2) , and so these were selected for isolation of compounds. Together with MS data, the 13 C NMR spectra were of most use in identifying the compounds isolated. All appeared to be triterpenoids from the molecular formulae derived from HRMS, by their reaction on TLC after spraying with acidic anisaldehyde reagent and their 13 C NMR spectroscopic data (Table 3 ). Compounds 6 and 7 ( Table 4 ) were identified as the known compounds β-boswellic acid and α-boswellic acid, respectively, by comparison of spectral properties with those reported in the literature [8] .
Compound 1 was obtained as a white amorphous powder, which showed a pseudomolecular ion at m/z 495 [M+Na] + in the positive ESI-MS, leading to the molecular formula C 30 H 48 O 4 . The 13 C NMR spectral data showed signals for 30 carbons ( was also revealed. The correlation in the NOESY spectrum between H-11 and H-25, and between H-11 and H-26 indicated an α-β oriented hydroxyl group at C-11. The relative configuration of the hydroxyl group at C-3 was assigned to be α (axial) on the basis of the NOESY spectrum, which revealed the absence of interactions between H-3 and H-5, but correlation between H-3 and H-23. Based on the evidence given above and 2D-NMR experiments using COSY, HMQC, HMBC, and NOESY pulse sequence, the structure of 1 was determined as 11α-hydroxy-βboswellic acid. It was successfully isolated, in spite of being a thermodynamically unstable compound easily transformed into 9,11-dehydro-β-boswellic acid [9] . The 23-carboxylic acid methyl ester of this compound has been previously isolated and its reported NMR signals are similar to those obtained for 1 [10] .
Compound 2 was obtained as a white amorphous powder, which showed a pseudomolecular ion at m/z 535 [M+Na] + in the positive ESI-MS, leading to the molecular formula C 32 H 48 O 5 . The 13 C NMR spectral data showed signals for 32 carbons ( , and an acetyl signal at δ H 2.09. The relative configuration of the acetyl group at C-3 was assigned to be α (axial) for the same reasons as given for the OH group in 1. Based on the evidence given above and 2D-NMR experiments using COSY, HMQC, and HMBC, NOESY pulse sequence, 2 was determined to be 3α -O-acetyl-11-keto-β-boswellic acid [11] .
Compound 3 showed a pseudomolecular ion at m/z 537 [M+Na] + in the positive ESI-MS leading to the molecular formula C 32 H 50 O 5 . The 13 C NMR spectral data were similar to those given by 2, apart from the absence of the carbonyl at 199.31 ( Table 3 ). The oxymethine proton signal at δ H 4.26 (H-11) corresponded with a CH signal at δ 68.64, and HMQC and HMBC spectra revealed that these signals were due to a hydroxy group at C-11, as also seen in 1. NOESY spectral evidence showed that this was in α orientation. Thus 3 was determined as 3α-O-acetyl-11α -hydroxy-β-boswellic acid [12] .
Compound 4 showed a pseudomolecular ion at m/z 486.0 [M+H] + in the positive ESI-MS leading to the molecular formula C 31 H 50 O 4 . The 13 C NMR spectral data were very similar to those for 3, apart from a methoxy signal at δ c 54.13 and δ H 3. 78. HMQC and HMBC spectra revealed that these signals could only be due to a 11-methoxy group. The NOESY spectrum indicated an α-orientation for this group, so compound 4 was determined as 11α-methoxy-βboswellic acid, previously known only as the 3-acetyl derivative [12] .
Compound 5 showed a pseudomolecular ion at m/z 494.2 [M+Na] + in the positive ESI-MS, leading to the molecular formula C 30 H 46 O 4 and gave similar NMR spectra to 2, except for lack of signals seen corresponding to the 3-acetyl group. The molecular formula agreed with a compound with a 3-OH structure and the orientation of this group as β was confirmed by the NOESY spectrum, which showed the absence of interactions between H-3 and H-5, and correlation between H-3 and H-23.The structure of compound 5 was, therefore, determined as 11-keto-β-boswellic acid [11] Of the boswellic acids tested, only 11-α-hydroxy-βboswellic acid (1) and 11-keto-β-boswellic acid (5) inhibited AChE activity ( Table 5 ). It is noteworthy that β-boswellic acid (6) and 11-methoxy-β-boswellic acid (4) showed no inhibitory activity, thus suggesting that an oxygen function at C-11 of the ursane skeleton is associated with inhibitory activity. In addition, 3α-O-acetyl-11-keto-β-boswellic acid (2), and 3α-O-acetyl-11α-hydroxy-β-boswellic acid (3) were inactive, in contrast to 11α-hydroxy-βboswellic acid (1) and 11-keto-β-boswellic acid (5) , and this indicates that a free OH group at C-3 is also necessary for the activity.
Not many triterpenoids appear amongst the large number of compounds now known to have some inhibitory effect on acetylcholinesterase [5] and the only other active compound with a similar skeleton so far described is ursolic acid [14] .
The occurrence of the two compounds (1) and (5) could explain the activity of frankincense and, thereby, provide an explanation for its reputation for improving a memory disorder. Test for acetylcholinesterase inhibition: The method followed that previously used in our laboratories [7] , which is a modified Ellman method, based on the reaction of released thiocholine to give a colored product with a chromogenic reagent. AChE (40 μL of 0.86 U/mL phosphate buffer, pH 8) and either extracts or isolated compounds were mixed with 2.0 mL phosphate buffer (pH 8), and incubated at 40 o C for 20 min. The reaction was started by adding DTNB (20 μL of 0.05mM buffer, pH 7) and ATCI (20 μL of 0.06 mM phosphate buffer, pH 7) in phosphate buffer, pH 7, 20 μL at 37 o C for 20 min. The reaction was halted by placing the assay solution tubes in a bath at 4 o C and adding physostigmine (20 μL 0.018 mM in phosphate buffer, pH 7). The production of the yellow anion was detected at 412 nm. Blanks were used of reagents without extract and a positive control was set up that was the same as the blank, except that physostigmine (20 μL, 0.018M in buffer pH 7) was added. The inhibition rate (%) was calculated using the following formula:
Percent Inhibition = (Blank -Blank positive control) -(Experiment -Experiment control) / (Blank -Blank control) x 100
